Background: The ideal thromboprophylaxis regime following lower limb arthroplasty and proximal femur fractures remains controversial. Guidelines disagree on the type of chemical prophylaxis, its dose or duration. This article describes a method of monitoring venous thromboembolism (VTE) rates following Total Hip (THA), Total Knee Arthroplasty (TKA) and surgery for hip fractures (NOF#). Methods: Over 3 years, all patients investigated for VTE were analysed using Picture Archiving Communications System (PACS). All positive scans were then cross-referenced using PACS and local registry data to see if they had undergone THA, TKA or NOF# in the preceding 90 days. Mortality data were obtained from the national administrative database, Hospital Episode Statistics.
Background
The ideal chemo-thromboprophylaxis agent to use and its duration for Total Hip Arthroplasty (THA), Total Knee Arthroplasty (TKA) and surgery for neck of femur fractures (NOF#) remains controversial. The National Institute of Clinical Excellence (NICE) guidelines for THA and NOF#, in England and Wales, recommends mechanical prophylaxis combined with LMWH or Fondaparinox for 4 weeks post-surgery [1] . The American College of Chest Physicians (ACCP) Grade-1A guidelines recommend either LMWH or Fondaparinox or warfarin (target international normalised ratio of 2.5, range 2.0-3.0) for a minimum of 10 days. The guidelines for TKA are identical but also include the use of pneumatic compression devices [2] . The doses of pharmaceutical prophylaxis are not specified. Orthopaedic surgeons remain reluctant to implement the guidelines fully [3] [4] [5] . In our department we utilise 20 mg of Enoxaparin, half of the recommended 40 mg daily dose [6] , for the duration of the in-patient stay [7] . Comparison of our regime with the recommended 40 mg Enoxaparin dose has suggested no differences in hospital 30-day readmission rates, venous thromboembolism (VTE) rates and postoperative haemorrhage rates in the management of neck of femur fractures [7] . Our aim was to use the Patient Archiving Communication System (PACS) to find patients with symptomatic VTE occurring within 90 days of the index procedure of Total Hip Arthroplasty (THA), Total Knee Arthroplasty (TKA) and surgery for Neck of Femur fractures (NOF#). This would allow the determination of the rate of symptomatic PE and DVT following hip and knee replacements and hip fractures using this regime. Our methodology of data collection could be adopted at other centres to ultimately enable us to gather larger volumes of data and therefore compare different thromboprophylaxis regimes.
Methods
The study included all the consecutive patients discharged from Colchester General Hospital (CGH) and Ramsey Oaks Private Hospital (ROPH) in Colchester after THR, TKR or surgery for NOF# fractures in a 3 year period between November 2006 and November 2009. No patients with NOF# were treated at ROPH. The hospitals serve a mixed urban and rural population of 370,000 [8] . Prior to discharge, radiographs were used to check the adequacy of the index procedure. All postoperative patients with symptomatic VTE underwent further diagnostic imaging at CGH. The need for ethics approval was waived by Colchester Hospital IRB since data checking was anonymous.
Information on mortality within hospital and within 1 year of surgery was obtained from national administrative data, Hospital Episode Statistics (HES) linked with the Office for National Statistics death certification fields, for Colchester General Hospital only, as HES does not cover private hospitals other than Treatment Centres (ISTCs). The following Office of Population, Censuses and Surveys Classification of Surgical Operations and Procedures (OPCS) codes were used to define the elective procedures: W371, W379, W381, W389, W391, W399 (THR), W401, W409, W411, W419, W421, W429 (TKR). NOF# was defined using a primary diagnosis of S720-S722 in the first consultant episode without a symptom or sign code (ICD10 R chapter), emergencies only. Episodes were linked into spells and transfers linked into super-spells (complete admissions) to avoid multiple counting.
Thromboprophylaxis
All elective THR and TKR patients received once daily 20 mg of Enoxaparin (Sanofi-aventis, Paris, France) started 12 h prior to the index procedure [7] . The NOF# patients began LMWH prophylaxis on admission. We used graduated compression stockings from admission to up to 6 weeks post index procedure. Peri-operative pneumatic compression was provided using Flowtron® Universal calf pumps (ArjoHuntleigh International Ltd., Beds, UK) for 24 h. Compression stockings and pneumatic compression was not used if contraindicated (Peripheral vascular disease, severe congestive cardiac failure, local skin problems). Early mobilisation with physiotherapy was utilised. Patients were checked for adequate hydration and intravenous fluid therapy was extended where necessary. The LMWH was stopped on discharge. Automatic blood transfusion was undertaken if the postoperative haemoglobin level was ≤8.0 g/dl or the patient was symptomatic secondary to low levels of haemoglobin.
Diagnosis of VTE
Suspected VTE patients are assessed using a structured clinical assessment which ensures all post-operative patients are treated as high risk. Clinically suspected deep vein thrombosis (DVTs) underwent a Doppler Compression B-mode Ultrasound scan examination of deep, superficial and common femoral veins [9] . During the study period no patients required venography to aid the diagnosis of lower limb DVT. All the patients with suspected pulmonary embolism (PE) underwent either a Computerised Tomographic Pulmonary Angiogram (CTPA) or a Ventilation-Perfusion (V/Q) Scan. Only high probability on the V/Q scan was considered as a positive pulmonary embolism using the criteria based on the Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) [10] . Suspected VTE cases were all reviewed at CGH as facilities to diagnose VTE do not exist at ROPH.
The PACS became online in 2006 with all diagnostic imaging at CGH being stored on the system. A similar system was used at ROPH. PACS was used to identify all recorded positive lower limb Döppler ultrasound scans, Computed Tomographic Pulmonary Angiograms (CTPA) and Ventilation/Perfusion scans (V/Q) within the 3 year study period. The positive results were then checked using PACS at both hospitals to assess if the symptomatic and proven VTE patients had undergone imaging for THA, TKA or surgery for NOF# in the preceding 90 days. This was additionally cross referenced with hospital and operating theatre records, and local arthroplasty registry data ( Fig. 1 ). The demographic data and length of hospital stay were available from the clinical coding information.
Population movement post-surgery
We assessed the postoperative movement of patients in the 90 days following THA, TKA or surgery for NOF# by contacting 385 consecutive patients from each of the 3 surgical procedure groups or their carers in cases where co-morbidity or social circumstances dictated (e.g. living in nursing or residential home) by telephone. Contacting 385 patients for each for the THA, TKA and NOF# groups would allow a 95% confidence interval, no wider than 0.10 (10%) for each group [11] , that patients developing VTE post-surgery would have remained within our catchment area and, therefore, would have attended CGH for further investigation and management.
Compliance to VTE thromboprophylaxis regime
We checked compliance to the VTE regime described above by assessing 385 consecutive clinical notes each for THA, TKA and NOF # [11] . Patients taking warfarin or other anticoagulant chronically were excluded.
Results
During the 3 year study period there were 1954 THAs, 1870 TKAs and 1451 procedures for NOF #, giving a total of 5275 patients. The female to male ratio was 1.7: 1. The mean ages were 73.4 years for THA, 70 years for TKA and 82.3 years for NOF#.
Two thousand three hundred fifty-six patients underwent either CTPA or V/Q scan for symptomatic PE and 3432 patients underwent Döppler US for symptomatic DVT (total number of scans 5788). After crossreferencing all the positive scans for preceding orthopaedic surgery using PACS and local registry data we found 28 confirmed diagnoses of symptomatic PE and 24 confirmed cases of symptomatic DVT. The female to male ratio was 2.25 to 1.
The mean time to presentation for symptomatic PE was 22.5 days (SD +/− 21), 9 days (SD +/− 21.7) and 22 days (SD +/− 19.8) and for THA, TKA and NOF# respectively. Mean time to presentation for symptomatic DVT was 19.5 days (SD +/− 21) and 25.5 days (SD +/− 27.6) for THA and NOF #. The single case of symptomatic DVT after TKA presented at 74 days post-operation.
The number of confirmed symptomatic PE were 9 for THA (9 out of 1954, 0.46%), 5 for TKA (5 out of 1870, 0.27%) TKR and 14 for NOF # (14 out of 1451, 0.96%) ( Table 1 ).
There were 15 cases (15 out of 1954, 0.77%) of symptomatic DVT in the THA group. There was 1 case (1 out of 1870, 0.05%) of DVT in the TKA patients and 8 cases (8 out of 1451, 0.55%) of DVT in the NOF # patients ( Table 1) .
The overall incidence of VTE was 1.23% (24 out of 1954), 0.32% (6 out of 1870) and 1.52% (22 out of 1451) in THA, TKA and NOF # respectively (Table 1) . No patients with VTE had been on chronic anticoagulant treatment prior to admission for recurrent VTE or other condition.
Within 1 year of admission, 12 patients died following THA (12 out of 1954, 0.6%), 12 after TKA (12 out of 1870, 0.6%) and 376 after NOF# (376 out of 1451, 25.9%).
Three hundred eighty-five out of 385 consecutive THA patients contacted remained within the CGH catchment area for at least 90 days post index operation. 
Discussion
The risks of VTE are increased following recent surgery and trauma [2, 3, [12] [13] [14] [15] [16] [17] [18] [19] . Consensus statements and guidelines use data from studies showing a high frequency of clinically silent, but venogram positive, DVT with chemical thromboprophylaxis [1, 2, 20] . International comparison of guidelines for VTE prophylaxis in THA shows disagreement between the type of drugs recommended, the dose and duration of prophylaxis [1, 20, 21] perhaps due to disagreements regarding endpoints. It has been shown there is no significant difference in the diagnosis of VTE, haemorrhage and hospital readmission rates with different thromboprophylaxis policies [7] . A recent article has also highlighted the importance of surgeons being aware of possible industryrelated funding as a source of potential conflicts of interests in reported VTE studies [22] .
Without chemical thromboprophylaxis, historical data suggests the risks of asymptomatic DVT following THA range from 39 to 74% [23, 24] , compared to 18-31%, with LMWH prophylaxis [23, 25] . A more recent Korean study demonstrated that the overall incidence of VTE following hip and knee arthroplasty was lower than Western studies, although rivaroxaban did still demonstrate a significant reduction in occurrence, whereas LMWH and aspirin had a higher rate of VTE compared to no prophylaxis [26] . Without chemical thromboprophylaxis, necropsy studies report fatal PE rates of 0.4% at 12 months after THA, and fatal PE rates of 4.3% at 12 months after NOF# [27] . Pooled data suggests fatal PE rates at approximately 6 months using thromboprophylaxis after THA and TKA of 0.43% [15] . On the other hand, another study has shown that there is no significant difference in the occurrence of VTE with or without chemical thrombopropylaxis following hip or knee arthroplasty.
After NOF#, pooled data at approximately 6 months suggests fatal PE rates of 1.9% for those not receiving prophylaxis compared to 1.0% for those receiving prophylaxis [15] . The 'ESCORTE study' reported a confirmed symptomatic VTE rate of 1.34% with a symptomatic PE rate of 0.25% at 6 months following NOF# [28] . The 90 day post-operative prevalence of symptomatic VTE in this study of 1.2, 0.4 and 1.5% in THA, TKA and NOF # respectively are similar to other studies using clinically symptomatic and imaging positive VTE as their endpoint [15, 16, [28] [29] [30] [31] [32] [33] . The 90 day PE rates of 0.46% after THA in this study are comparable to the reported 90 day rates 0.68 and 0.6% using LMWH reported in the annual UK National Joint Registry (NJR) Report of 2010 [34] and 2007 [35] respectively. The 90 day PE rate of 0.27% after TKA in this study compares to the reported rate of 0.6% using LMWH in the annual UK NJR Report of 2007 [35] , and overall 90 day hospitalization rates for VTE of 1.2% following TKA in a Danish populationbased study [36] . The 1 year mortality rates of 0.6% after either THA or TKA in this study are comparable to that reported in the UK NJR of 0.6% [34] and 0.7% [35] after THA and 0.4% [34] and 0.5% [35] after TKR. A metaanalysis of 70 studies revealed pooled mortality rate of 0.38% using different thromboprophylaxis regimes [37] . The lowest rates of 0.2% were in patients receiving multimodal prophylaxis including regional anaesthesia, potent anticoagulants or aspirin, and in patients receiving warfarin combined with regional anaesthesia [37] . Another study showed the preferential use of aspirin was safe and effective for primary elective hip and knee replacement surgery, with lower rates of bleeding compared to warfarin. The VTE and mortality rates in this study are therefore comparable to reported studies [15, 16, [28] [29] [30] [31] [32] [33] [34] [35] 37] despite using half the recommended dose of enoxaparin [6, 7] for the duration of hospital stay. The use of this lower dose has been shown to be associated with reduced mortality compared to institutions using a protocol using the recommended 40 mg dose [7] .
The mean time to presentation for symptomatic PE was 22.5 days, 9 days and 22 days for THA, TKA and NOF # respectively. Mean time to presentation for symptomatic DVT was 19.5 days and 25.5 days for THA and NOF #. Other studies have also shown that most symptomatic VTE occurs after discharge from hospital [28, 29] . TKA patients appear to show a shorter risk period for VTE perhaps due to a shorter period of reduced venous blood flow postoperatively compared to after THA [38, 39] . Extended duration VTE prophylaxis has been recommended for a minimum of 4 weeks [1] based on the evidence of persistent risk of VTE beyond hospital stay for THA, TKR and NOF# for up-to 3 months [28, 29, 33] . Other guidelines recommend a shorter duration [2, 20, 33] . The benefits of post discharge thromboprophylaxis remain unproven [7, 16, [40] [41] [42] . An early analysis of the effect of the extended prophylaxis in the UK reveals that there has been no impact on the incidence of symptomatic PE and mortality [16] . There is evidence to suggest that the use of preoperative VTE prophylaxis may be more important than extended prophylaxis, particularly in patients with multiple co-morbidities [43, 44] . We therefore began chemical prophylaxis for THA and TKA 12 h prior to surgery, which was continued until discharge [7] . There are considerable risks associated with the use of LMWH and other pharmaceutical anticoagulation agents, with not all risks being considered by guidelines [1, 3, 20] . The risk of bleeding is the major complication of anticoagulation therapy. However the criteria for defining bleeding, varies between studies, especially between orthopaedic and medical studies making firm conclusions difficult [2, 3, 45, 46] . Following prophylaxis with LMWH 'major' bleeds were noted in 1.2% and 'minor' bleeds in 1%, in a NOF # population with proven VTE rates of 1.34% [5] . A major concern is possible wound complications [47, 48] and, perhaps, increased peri-prosthetic infections, a difficult condition to manage [47, 49] . Thrombocytopenia [50] and, particularly, thrombocytopenia with thrombosis secondary to heparin can lead to increased thrombotic events, significant morbidity, lengthened hospital stay with associated complications and increased healthcare costs [51] . This formed the basis for our decision to use 20 mg enoxaparin once daily for prophylaxis. A weakness of this study is that it analyses pooled data of all surgeons at CGH and ROPH and includes all types of THA, TKA and surgery for hip fractures. The symptomatic VTE data were collected on the assumption that all postoperative THA, TKA and NOF # patients who underwent surgery locally would present or be referred and investigated locally at CGH within the 90 day period. This is a similar assumption made in other studies where the study centre was a hospital in a town within a rural setting [17, 30] . We validated this assumption by contacting 385 consecutive patients for each of the 3 groups, revealing 100% of each group either remained within the catchment area for 90 postoperative days or died within 90 days, with all deaths occurring within the CGH catchment area. Patients who may have had fatal PEs prior to having a CTPA or V/Q scans would not be diagnosed and included in the reported VTE rates but would be included in the all-cause mortality rates. The mortality rates in our population are comparable to reported studies [15, 16, [28] [29] [30] [31] [32] [33] [34] [35] 37] .
Conclusion
Our study uses a relatively simple method of collecting data regarding the incidence of symptomatic VTE in postoperative THA, TKA and NOF # patients. This is a method that can be utilised in other centres where PACS is available and patients are unlikely in the early postoperative period to travel to distant hospitals, therefore suited to rural settings. The relative ease of use can allow individual surgeons and units to closely monitor their VTE rates. The methodology can be utilised to also compare between centre(s) using different thromboprophylaxis regimes. The evidence for postoperative VTE rates, thromboprophylaxis and its complications are limited by the need for studies with large samples using symptomatic DVT, PE and fatal PEs as the endpoint, and enough power to detect uncommon complications [3, 4, 16, 18, 45] . We believe a co-ordinated study using this method, in geographically isolated centres, may provide the opportunity to help address some of these issues. 
